Objective to investigate the efficacy and safety of the interleukin-6 receptor antibody tocilizumab in patients with takayasu arteritis (tAK). Methods patients with tAK who had relapsed within the previous 12 weeks were induced into remission with oral glucocorticoid therapy. In this double-blind, placebo-controlled trial, patients were randomly assigned 1:1 to receive weekly tocilizumab 162 mg or placebo subcutaneously, and oral glucocorticoids were tapered 10 %/week from week 4 to a minimum of 0.1 mg/kg/ day until 19 patients relapsed. the primary endpoint was time to relapse of tAK, defined as ≥2 of the following: objective systemic symptoms, subjective systemic symptoms, elevated inflammation markers, vascular signs and symptoms or ischaemic symptoms. Results the intent-to-treat and safety populations included 18 tocilizumab-treated and 18 placebotreated patients. the per-protocol set (ppS) included 16 tocilizumab-treated and 17 placebo-treated patients. Hrs for time to relapse of tAK were 0.41 (95.41% cI 0.15 to 1.10; p=0.0596) in the intent-to-treat population (primary endpoint) based on relapse in eight tocilizumabtreated and 11 placebo-treated patients and 0.34 (95.41% cI 0.11 to 1.00; p=0.0345) in the ppS. the secondary endpoints, time to relapse assessed by Kerr's definition and clinical symptoms only, were consistent with the primary endpoint. Serious adverse events were reported in one tocilizumab-treated and two placebotreated patients. there were no serious infections and no deaths. Conclusion Although the primary endpoint was not met, the results suggest favour for tocilizumab over placebo for time to relapse of tAK without new safety concerns. Further investigation is warranted to confirm the efficacy of tocilizumab in patients with refractory tAK. Trial registration number JapicctI-142616.
InTROduCTIOn
Takayasu arteritis (TAK) is characterised by aortitis affecting the aorta and its major branches, coronary arteries and pulmonary arteries.
1 TAK is a rare inflammatory disease of unknown aetiology, with an estimated incidence of 2.6 cases per million in the USA. 2 3 Prevalence may be higher in Japan, with approximately 60 cases per million. 4 TAK occurs more frequently in females, usually from approximately 20 years of age.
1 Disease manifestations include systemic symptoms, head and neck symptoms (dizziness, headache, syncope, jaw claudication, neck pain), upper limb problems, hypertension and body pain. 4 Presenting symptoms vary greatly depending on vascular involvement and the degree of disease progression. 4 Longterm inflammation in patients with TAK can cause severe vascular injury-including thickening of the aorta and its main branches, fibrosis, stenosis and thrombus formation-potentially leading to organ failure. 5 6 Inflammatory cells, particularly T-helper 17 (Th17) and Th1 cells, and cytokines, including interferon-γ, tumour necrosis factor-α (TNF-α), interleukin-6 (IL-6), IL-8, IL-17A and IL-18, are increased in patients with TAK. [7] [8] [9] [10] [11] Furthermore, elevated IL-6 levels are associated with increased disease activity. 7 8 Glucocorticoids (GCs), the first-line therapy for the treatment of TAK, are often associated with adverse effects when used long term, and patients frequently relapse during GC tapering. 12 Other immunosuppressive agents, including methotrexate, azathioprine and mycophenolate mofetil, may be used if relapse occurs while the patient is receiving GC [13] [14] [15] ; however, these agents have not demonstrated consistent clinical benefits or steroidsparing effects. 12 16 Although treatment with TNF inhibitors has shown clinical responses and a steroid-sparing effect in retrospective or observational studies in patients with TAK refractory to conventional immunosuppressive therapy, 12 17-20 no randomised controlled study has been reported to date.
Tocilizumab, a recombinant, humanised, anti-IL-6 receptor (IL-6R) monoclonal antibody, was first reported by Nishimoto et al 21 for the successful treatment of a patient with TAK. Since then, clinical responses and a steroid-sparing effect have been demonstrated in patients with refractory TAK in case reports and observational studies, 16 21-26 including patients refractory to TNF inhibitors. 23 24 26 Overall, clinical and laboratory responses have been reported in more than 80% of patients treated with tocilizumab. 12 25 The efficacy and safety of tocilizumab investigated in the first randomised, placebo-controlled, doubleblind, parallel-group, comparative study in patients with TAK, the TAKT study (Japan Pharmaceutical Information Center number, JapicCTI-142616), are now reported. (see online supplementary table 1 for definitions of relapse) within 12 weeks before enrolment despite having received treatment with oral GC at a prednisolone-equivalent dose of at least 0.2 mg/kg/day (see online supplementary appendix for exclusion criteria).
MeTHOds Patients
All patients gave written informed consent to participate in the study according to national requirements (signed by the patient if ≥20 years of age or by the patient and a legally acceptable representative if <20 years of age). The study was conducted in accordance with the Declaration of Helsinki and Good Clinical Practice and was approved by the institutional review boards of the medical institutions.
study design, randomisation and masking
This double-blind, placebo-controlled, multicentre trial was designed to evaluate the steroid-sparing effect of tocilizumab. To induce remission, patients who experienced TAK relapse received GCs at a dose at least twice that of the dose at relapse.
The first dose of study treatment in the double-blind period was administered after remission from TAK for ≥1 week. Patients were randomly assigned (1:1) using a permuted block method to receive weekly injections of tocilizumab 162 mg or placebo subcutaneously; background oral GC dose was tapered by 10% per week from week 4 to a minimum of 0.1 mg/kg/day according to the following formula: GC dose at week n=0.9 (N-3) (GC dose at baseline) when n≥4. Randomisation was stratified by prednisolone-equivalent oral GC dose (<0.6 mg/kg/day, ≥0.6-<0.8 mg/ kg/day or ≥0.8 mg/kg/day). Patients, investigators and study personnel were masked to randomised treatment assignment.
The double-blind period ended, in accordance with the study protocol, when relapse of TAK occurred in 19 patients. Patients who completed the double-blind period were followed during open-label extended treatment with tocilizumab.
Assessments
The primary endpoint was time to relapse of TAK according to protocol-defined criteria (see online supplementary table 1). Relapse of TAK was defined as assessment of 'signs of relapse present' as judged by the investigator for at least two of five categories: objective systemic symptoms; subjective systemic symptoms; elevated inflammation markers; vascular signs and symptoms; ischaemic symptoms. TAK had to be confirmed as the cause of relapse in each patient by eliminating other causes such as infections, allergic disorders and unexplained physical symptoms. For the primary evaluation, causes of relapse other than TAK were eliminated based on ≥2 consecutive assessments for objective and subjective systemic symptoms, elevated inflammation markers and vascular signs and symptoms unless urgent treatment was required, in which case a single assessment sufficed. Even if signs of relapse were not present in two of five categories, relapse was considered to have occurred if severe aortic valve incompetence accompanied by symptoms of cardiac failure occurred under 'vascular signs and symptoms' or if Common Terminology Criteria for Adverse Events (CTCAE) grade 2 or higher (grade ≥3 for myocardial infarction) occurred under 'ischaemic symptoms'. Patients, investigators, and study personnel were blinded to C reactive protein (CRP) results during the double-blind period. If CRP values were required to determine relapse, the clinical laboratory confirmed whether they met the definition of relapse. Remission was defined as the absence of any of the five signs and symptoms described for relapse.
Secondary endpoints included time to relapse of TAK according to Kerr's definition 3 or based on clinical symptoms only. Occurrence of each of the five categories for symptoms of relapse and imaging evaluation were also investigated as secondary endpoints. Imaging was performed using contrast-enhanced CT or MRI if CT was not feasible, before the first dose of study drug and before each dose every 24 weeks thereafter (optional if imaging had been performed in the previous 8 weeks). Imaging was also performed within 7 days of signs of relapse and at the last observation in the double-blind period or at study withdrawal (optional if imaging had been performed in the previous 12 weeks). Changes from baseline in imaging results were evaluated qualitatively by a radiologist or a physician at each site (see online supplementary appendix for the imaging protocol).
Safety was assessed as the incidence and severity of adverse events (AEs), adverse drug reactions and laboratory values according to CTCAE version 4.0. Blood samples for anti-tocilizumab antibody screening were collected every 4 weeks for HLA-B52 positive, n (%) 7 (38.9) 13 (72.2) *Prednisolone equivalent (minimum dose was 0.4 mg/kg/day because patients who experienced relapse despite GC administration of at least 0.2 mg/kg/day were enrolled and received at least twice the dose they were receiving when relapse occurred). GC, glucocorticoid; ITT, intent-to-treat.
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the first 12 weeks and every 12 weeks thereafter. The screening assay was performed as previously described.
statistical analyses
The primary efficacy analysis was conducted in the intent-to-treat (ITT) population, and safety was assessed in the safety population. Additional analysis was conducted in the per-protocol set (PPS) to evaluate sensitivity of the primary analysis. The primary endpoint, time to relapse of TAK, was estimated using KaplanMeier analysis, and the superiority of tocilizumab subcutaneous 162 mg/week compared with placebo was evaluated based on a two-sided p value lower than the significance level at the final analysis (α=0.0459; O'Brien-Fleming-type alpha spending function) determined according to preplanned interim analysis and tested based on a log-rank test stratified by age category (<18 years, 18-<65 years, ≥65 years). HRs and corresponding CIs for tocilizumab subcutaneous 162 mg compared with placebo were estimated using Cox regression analysis stratified by age category. Based on a review before unblinding, analysis stratified by age category was applied instead of the non-stratified analysis planned at study initiation (see online supplementary appendix). The non-stratified analysis was also conducted as a sensitivity analysis. The statistical software used was SAS V.9.2 (SAS Institute).
ResulTs Patients
Thirty-six patients were enrolled in the study; 18 received tocilizumab subcutaneously 162 mg/week and 18 received placebo. The ITT and safety populations included all 36 patients. The PPS included 16 tocilizumab-treated patients and 17 placebo-treated patients; one patient who decreased the GC dose earlier than prescribed due to safety reasons and one who increased the GC dose due to prescription error were excluded from the tocilizumab group, and one patient for whom GC dosing was interrupted due to a serious adverse event (SAE) was excluded from the placebo group. No patients withdrew from the study during the double-blind period. Baseline demographics and disease characteristics were generally well balanced between the treatment groups. Mean±SD age of patients at informed consent was 31.1±18.1 in the tocilizumab group and 30.8±13.1 in the placebo group, and mean±SD dose of GC at baseline was 0.57±0.19 and 0.52±0.16 mg/kg/day, respectively. Thirty-nine percent of patients in the tocilizumab group and 72% in the placebo group were HLA-B52 positive (table 1) .
efficacy
The HR for time to relapse of TAK according to protocol-defined criteria (primary endpoint) in the ITT population was 0.41 (95.41% CI 0.15 to 1.10; p=0.0596) ( figure 1A, table 2 ), indicating that there was no significant difference between tocilizumab and placebo. Relapse occurred in eight tocilizumab-treated patients (44.4%) and 11 placebo-treated patients (61.1%). The median treatment durations were 19.00 weeks in the tocilizumab group and 12.86 weeks in the placebo group. Estimated relapse-free rates at week 24 were 50.6% (95% CI 25.4% to 75.8%) and 22.9% (95% CI 0.4% to 45.4%), respectively. Symptoms of the five categories observed at relapse are shown in table 3. Major symptoms of relapse were subjective systemic symptoms reported in 100% and 81.8% of tocilizumab-treated and placebo-treated patients and vascular signs and symptoms reported in 87.5% and 81.8%, respectively.
In the PPS sensitivity analysis, the HR was 0.34 (95.41% CI 0.11 to 1.00; p=0.0345), indicating longer time to relapse in the tocilizumab group than the placebo group ( figure 1B, table 2 
Clinical and epidemiological research
Cox regression analysis stratified by age category suggested that there may be a favourable effect for tocilizumab in each of the five signs or symptoms of relapse included in the protocol definition used for the primary endpoint and in imaging evaluations (figure 2).
Eight tocilizumab-treated and three placebo-treated patients decreased their GC dose to the minimum dose. Because the double-blind period of the study ended when 19 events of relapse had occurred, three tocilizumab-treated and three placebo-treated patients completed the double-blind period without relapse before they reached the time at which the GC dose could be reduced to the minimum. Exploratory subgroup analysis stratified by age category showed consistent results for tocilizumab in time to relapse according to the protocol definition in all subgroups regardless of sex, prednisolone-equivalent GC dose category at randomisation, TAK disease duration or HLA-B52 status and in patients who had previously received disease-modifying antirheumatic drugs (DMARDs)/immunosuppressant treatment (online supplementary figure 1).
safety
AEs were reported in 14 tocilizumab-treated patients (77.8%) and 11 placebo-treated patients (61.1%) (table 4). The most common AEs in both treatment groups were infections and infestations, with 9/18 (50.0%) tocilizumab-treated patients and 6/18 (33.3%) placebo-treated patients reporting ≥1 event. Gastrointestinal disorders were reported in 3/18 (16.7%) tocilizumab-treated patients and 5/18 (27.8%) placebo-treated patients, and skin and subcutaneous tissue disorders were reported in 6/18 (33.3%) and 1/18 (5.6%) patients, respectively. No injection site reactions or systemic injection reactions were reported. One tocilizumab-treated patient and two placebo-treated patients had ≥1 SAE, including cataract in a tocilizumab-treated patient, cataract in a placebo-treated patient and haemorrhagic shock and gastric ulcer in a placebo-treated patient; no SAEs were considered related to study treatment. No deaths were reported. No anti-tocilizumab antibodies were detected after injection of tocilizumab (see online supplementary appendix for laboratory parameter results).
dIsCussIOn
This study is the first double-blind, randomised controlled trial of anti-cytokine therapy for the treatment of patients with TAK. It was designed to investigate whether tocilizumab treatment enables GC tapering. Investigating the efficacy of therapeutic agents in TAK is challenging because no efficacy endpoint has been validated. Kerr's definition of active disease 3 has been used in case reports and cohort studies, 11 16 21 23 28-30 but the requirement for imaging studies such as CT, MRI and/or positron emission tomography places a greater burden on patients in terms of exposure and risk from contrast dyes, and it may not be possible to perform imaging for every suspected relapse. Therefore, this study adopted a definition of relapse that was based on the signs and symptoms of TAK without imaging evaluations.
The current study was designed to evaluate time to relapse of TAK with mandatory GC tapering. To induce remission, patients who experienced relapse received GCs at a dose at least twice that of their dose at relapse. Background oral GC dosing was tapered by 10% per week from week 4 to a minimum of 0.1 mg/ kg/day. All patients did not have to have the same GC doses at baseline because the dose required to induce remission is generally different for each patient. Therefore, stratified randomisation was adopted according to baseline GC dose (<0.6 mg/kg/ day, ≥0.6-<0.8 mg/kg/day or ≥0.8 mg/kg/day) to ensure even distribution of patients between treatment groups for evaluation of time to relapse of TAK as the primary endpoint.
The primary endpoint was not met in this study; time to relapse was not statistically different between the tocilizumab and placebo groups. However, the results may support the use of tocilizumab for the treatment of patients with refractory TAK. A treatment difference suggesting favour for tocilizumab was observed in the PPS sensitivity analysis. Secondary endpoints, including time to relapse according to Kerr's definition, each of the five categories of symptoms according to the definition of relapse and imaging evaluation, and exploratory subgroup analyses were consistent with the primary endpoint. Results for symptoms other than inflammatory markers suggested that the effect of tocilizumab in time to relapse resulted from the inhibition of IL-6 signalling on the pathogenesis of TAK rather than solely the pharmacodynamic effect of tocilizumab on acute phase reactants. The efficacy and safety of tocilizumab have been reported in patients with giant cell arteritis (GCA), another large vessel vasculitis, in two randomised controlled trials. 31 32 Tocilizumab was effective at maintaining remission and enabling GC tapering in patients with GCA. Considering similarities between the pathogenesis and histopathology of TAK and GCA, 22 33 these results may lend support to the efficacy of tocilizumab for the treatment of TAK.
It is possible that the sample size of this study was too small because it was based on a previous estimate of tocilizumab efficacy that might have been too high (see online supplementary appendix). The literature review used for the estimation of sample size 24 reported a relapse rate of 17% in patients with TAK treated with tocilizumab, and this study presumed a HR of 0.2075 assuming a relapse-free rate of 75% in the tocilizumab group and 25% in the placebo group at week 24 as a conservative measure; however, studies in the literature review did not include mandatory GC tapering, and patients could have received concomitant immunosuppressants. Consequently, while the 95.41% CI covered the presumed value, the resultant HR was numerically higher than the presumption in this study. Although GCs are effective for the treatment of TAK, adverse effects may preclude long-term treatment. Patients with TAK show increased expression of Th1 and Th17-related cytokines. 10 However, treatment with GCs decreases Th1 cytokines but spares Th17 cytokines. 10 Because IL-6 stimulates the production of Th17 cells and the action of transforming growth factor β and IL-1β, 34 IL-6 inhibition represents a potential therapy for the treatment of TAK with a mode of action different from that of GCs.
In previous reports, intravenous tocilizumab 8 mg/kg was administered every 4 weeks in patients with active TAK. 16 22-26 Although the dosing might have been effective, serum IL-6 levels after tocilizumab administration were higher than those observed in patients with rheumatoid arthritis (RA). 16 35 Higher serum tocilizumab concentrations may be required to completely inhibit IL-6 binding to IL-6R in patients with active TAK. In addition, subcutaneous injection of tocilizumab offers greater convenience to patients than intravenous infusion. Therefore, weekly dosing with tocilizumab subcutaneous 162 mg was selected for this study.
Despite the rather short exposure to tocilizumab in this study, the observed safety was comparable to that for tocilizumab therapy reported in patients with RA. 36 37 In previous reports, the risk for serious infection was related to GC use in patients with RA. 37 38 Older age is also a risk factor for serious infection in patients with RA treated with tocilizumab. 37 Although no serious infections were reported in this study and patients with TAK tended to be younger than patients with RA, patients receiving high-dose GCs and tocilizumab should be monitored for serious infection. The SAEs reported in this study are consistent with those observed in patients treated with GCs. 3 39 There were several limitations in this study. The sample size appears to be restricted for efficacy evaluations, especially regarding ischaemic symptoms and imaging studies and regarding individual symptoms included in the definition of relapse. The efficacy and safety of tocilizumab in combination with DMARDs, immunosuppressants or both in patients with TAK were not investigated. Finally, the study was designed with mandatory GC tapering; further studies are warranted in which GCs can be tapered appropriately, according to the physician's discretion, to determine the long-term steroid-sparing effect of tocilizumab.
In conclusion, although the primary endpoint was not met in this study, the results suggest favour for tocilizumab over placebo and support further investigation of tocilizumab for the treatment of patients with refractory TAK.
